Replication of the linear mitochondrial DNA of Tetrahymena pyriformis.
1. Electron micrographs of the linear mtDNA from Tetrahymena pyriformis strain GL show linear molecules with a duplex 'eye' of variable size in the middle. This indicates that replication of this DNA starts near the middle of the molecule and proceeds bidirectionally to the ends, as previously shown for the mtDNA of strain ST (Arnberg, A.C., Van Bruggen, E.F.J., Clegg, R.A., Upholt, W.B. and Borst, P. (1974) Biochim. Biophys. Acta 361, 266-276). The mtDNAs of these two strains have little base sequence homology beyond the ribosomal RNA cistron (Goldbach, R.W., Bollen-De Boer, J.E., Van Bruggen, E.F.J. and Borst, P. (1978) Biochim. Biophys. Acta 521, 187-197). 2. Electron micrographs of mtDNA from strain ST, spread under non-denaturing conditions, contain only molecules with fully duplex ends. mtDNA spread under conditions of early denaturation contains duplex loops on one end (40% of all molecules) or both ends (37%). The loops are stable to partial denaturation and vary in size from 0.15 to approximately 1.0 micron, most loops measuring 0.25--0.40 micron. No loops are formed with single-stranded DNA under analogous conditions and we conclude from this result that loop formation is based on the presence of straight, rather than inverted, duplications near the ends. 3. When full-length 3H-labelled mtDNA from strain ST, 32P-labelled at the 5'-termini with T4 polynucleotide kinase, was sedimented in alkaline sucrose gradients, greater than 70% of the 3H and less than 30% of the 32P cosedimented with full-length molecules; the remaining 32P sedimented heterogeneously and predominantly with the DNA less than 10% the size of intact single strands. Brief incubations of full-length mtDNA with DNA polymerase I from Escherichia coli and labelled dNTPs at 15 degrees C did not lead to preferential labelling of terminal EcoRI fragments of the DNA. From these results we infer that the DNA contains nicks or gaps near the termini and that these are not bordered by free 3'-OH groups. 4. A model is presented in which straight sequence repetitions at the termini of Tetrahymena pyriformis mtDNA are involved in the later stages of replication. This model can also account for the pronounced terminal heterogeneity previously observed in this DNA.